Two geographers specializing in China analyze that country's health care inequality from 1990 to 2008, for the purpose of: (1) examining spatial-temporal variations of health care inequality at multiple scales (the regional, provincial, and county levels); (2) exploring whether economic growth and transition to a market economy have exacerbated the unevenness of health care; and (3) analyzing the impact of health care inequality on health outcomes, especially mortality. The authors apply GIS-based spatial statistical methods to detect spatial-temporal patterns of health care, and use multilevel regression to examine the linkages between health care, mortality, and regional economic inequality, and ultimately to assess the sensitivity of health care inequality to geographic scale and examine whether reforms implemented to date have resulted in more equitable access to health care. The paper also demonstrates how the concurrent transitions of decentralization, marketization, globalization, and urbanization in China have interactively contributed to health care inequality and mortality.
INTRODUCTION H
ealth care as a research topic has attracted increasing interest from both the public and academic communities. Recently, health inequality has been frequently debated in both developed and developing countries. China's economic reform since 1978 has dramatically accelerated economic growth as well as living standards. However, the reform has also generated negative impacts on social inequality (e.g., Zhao, 2006) . In particular, disparities in health care have been growing rapidly with widening economic inequality. According to the World Health Organization estimates in 2000, China ranked 188th among 191 member states in terms of "fairness of financial contribution to health systems" (Cai, 2009 ). Subsequently, a survey of 10,000 Chinese households indicated that health care is the leading concern among China's population (see Hu et al., 2008) .
Following economic and health care reforms, China's health care sector has changed from a centrally planned to a market-based system (see Ma et al., 2008; Chou and Wang, 2009) . Before the advent of reform, the central government had set low prices for health services and provided budgetary support to health care providers, improving citizens' access to health care in both rural and urban areas as well as in both poor and relatively more affluent provinces. China under Mao had three major types of medical insurance schemes (see Tang and Wu, 2000; Wu, 2003; Zhao, 2006) : (1) a Government Insurance Scheme (Gongfei Yiliao) financed directly by the government, which covered people working in state organizations and other institutions, as well as college students; (2) the Labor Insurance Scheme (Laobao Yiliao), which provided full or partial coverage to employees (and their family members) of state or collective enterprises, supported by the welfare funds of those enterprises; and (3) the Cooperative Medical System (Hezuo Yiliao), mainly subsidized by the welfare funds of collective enterprises, and primarily covering rural residents.
Subsequent reforms gradually replaced this far-reaching social welfare approach to health care with the current system, which has been criticized because of its heavy reliance on private financing, a dramatic reduction in health insurance coverage, and rising costs to patients Yip and Hsiao, 2008) . The central government devolved the financial burden of public health services to the provincial and county governments, making them responsible for meeting the health care needs of local residents (Akin et al., 2005) . At the same time, local governments have obtained more authority to manage their own health care sectors (Bloom and Gu, 1997) , for instance, to establish (or purchase existing) health care facilities and set the salaries of health staff. Not surprisingly, wealthier areas can afford high-quality facilities and attract more skilled physicians with better salaries, while the poorer regions have insufficient revenues to adequately develop their health care systems. Because most local governments are incapable of fully covering their health care expenditures, user fees have been increased to finance the major proportion of service delivery. As a result, health care has become too expensive for most of China's people.
The literature reflects a growing concern about inequalities in health care and health outcomes in China. A study by Liu et al. (1999) revealed a widening gap in health status between urban and rural residents after the reforms, with a more unequal distribution of income and health care utilization. Zhang and Kanbur(2005) have further documented the increasing disparity of infant mortality rates between rural and urban areas, and coastal and interior areas, arguing that uneven access to health care is a driving force underlying the expanding ruralurban difference in these rates. Chou and Wang (2009) found no single nationwide convergence in health care expenditures, but identified convergence by cluster. They demonstrated, using systematic quantitative methods, that income and regional fiscal disparities contributed to the emergence of relatively well or poorly served clusters. However, these investigators have rarely explored health care and the population's health from a geographical perspective. For example, China's regional inequality has been demonstrated to be sensitive to spatial scale and geographical agglomeration (Wei and Ye, 2009) . As a consequence of such regional economic inequality, disparities in health care and health can be better understood by analyzing spatial association/heterogeneity. This paper aims to provide a spatial-temporal investigation of China's health care distribution from 1990 to 2008, and endeavors to examine the relationship between health care, mortality, and economic transition. The section that follows summarizes the literature and conceptual framework; a discussion of data and methodology is presented in the next. Then the variation of health care and mortality against the background of economic development and social transitions is highlighted and analyzed. Conclusions based on the paper's major findings are presented in the last two sections.
LITERATURE REVIEW AND OBJECTIVES
Although there has been a series of theoretical debates on the relationship between economic inequality and health outcome, health care only plays a minor role in these theories. The two well-accepted pathways are the psychosocial and neo-material mechanisms. Wilkinson (1996) proposed the "social cohesion model," a leading theory among investigators favoring psychosocial explanations. At the social level, Kawachi and Kennedy (1997) demonstrated that income inequality leads to increased mortality due to the erosion of social cohesion and trust. At the individual level, social comparison leads to feelings of relative deprivation and unhealthy behaviors such as smoking and drinking.
2 In contrast, the neo-material mechanism emphasizes individual material resources and macroeconomic conditions (Lynch et al., 2000) . At the individual level, people at the lowest rung on the social hierarchy have only limited material resources necessary for the maintenance of good health, namely nutritious food, clean water, adequate housing, safe working conditions, and adequate access to medical care. Wealthier people can minimize the risks of accident or disease by easier access to the aforementioned resources. From the macro perspective, public goods, environment, social security, and overall living conditions also have significant effects on health.
Nonetheless, most Western scholars consider health care as a factor that is not particularly important in explaining socioeconomic inequalities in health (Robert and House, 2000) . In fact, however, unequal access to (and quality of) health care does affect health outcomes, even though efforts have been made in many parts of the world to equalize health service delivery. Many people are still not able to obtain the needed medical services to prevent or reduce the risk of disease due to poverty, race, inadequate insurance coverage, or spatial unevenness of the availability of service (Kasper, 2000) . For example, in the U.S. 14 percent of cervical cancer patients were diagnosed after metastasis in low-income areas, because poor women could not afford screening tests for detecting cancer at an early stage; in higher income areas only 5 percent of diagnoses were made after metastasis (RWJ, 1993) .
Compared to Western theories and research, the study of China's health inequality still remains limited and lacking in systematic theoretical analysis. Some scholars follow the Western theoretical pathways by exploring the relationship between health and income inequality (e.g., Li and Zhu, 2006; Pei and Rodriguez, 2009) , and a higher proportion of research emphasizes the unique characteristics of China's health inequalities under its economic transition. First, scholars have examined the impact of reforms on the health sector (e.g., Akin et al., 2005; Zhao, 2006; Hu et al., 2008; Liu et al., 2008; Yip and Hsiao, 2009 ). Zhao (2006) claims that improvements in the population's health have been impeded by the deterioration of the health care system, reflecting the erosion of state-provided insurance coverage and the growing unevenness of wealth distribution. Second, health inequality has been analyzed from different spatial perspectives, such as those between rural and urban (Zhang and Kanbur, 2005) , within rural areas (Anson and Sun, 2004) , and among regions (Yip and Mahal, 2008) . Li and Zhu (2006) concluded that both absolute income and income inequality significantly affected self-rated health; the relationship between income disparities and health exhibited an inverted-U pattern differing from the linear one prevailing in Western countries. Third, some researchers have investigated health care inequality and the underlying factors (Zhan, 2005; Eggleston et al., 2008; Wang et al., 2009; Zhou et al., 2009) . have proposed that inadequate government investment as well as weak supervision and administration have contributed to the high cost and inequality in health care in the past two decades.
Based on the literature review outlined above, three areas appear to merit further investigation. First, health care inequality should be considered as a more important factor linking health outcomes and economic inequalities. The role of health care should not be dismissed, because unequal access to and quality of medical care exist in all countries, and especially in the developing ones. Consequently, rather than following the psychosocial pathway, our research tracks more closely the neo-material mechanism with its focus on health care distribution under China's economic transition. Second, spatial patterns at multiple scales of health and health care inequality need to be explored. Whether inequality is measured in large or small areas leads to different conclusions and a multi-scalar study would effectively avoid possible misinterpretations. Third, still lacking is a spatial-temporal analysis of the relationship between health care distribution and regional economic inequality. Existing studies largely depend on cross-sectional models and survey data, and time series econometric methods are rarely used (Chou and Wang, 2009 ). Yet the spatial-temporal hierarchy is a crucial characteristic of China's economic transition (Li and Wei, 2010) , and its effect on health care inequality has not been examined.
The objectives of this paper are thus threefold: (1) to examine the spatial-temporal variations of health care in China at multiple scales (region, province, and county levels) from 1990 to 2008; (2) to analyze spatial patterns of mortality and to shed light on the relationship between health care inequality and mortality; and (3) to explore whether China's economic transition has caused health care unevenness and further influenced people's health outcomes by using hierarchical spatial-temporal models.
ANALYTICAL FRAMEWORK
Mainland China has 31 provincial-level administrative units (hereafter provinces) and 2862 county-level administrative units (hereafter counties) 3 that are traditionally grouped into three regions: eastern/coastal, central, and western (Fig. 1) . Each region has unique political, economic, cultural, and geographical characteristics (Li and Wei, 2010) . The eastern coastal region has natural and locational advantages and it also has benefited from preferential economic policies during the reform era. To wit, living conditions and public resources are better than those in interior regions. The central region is agriculturally oriented and highly populated. The health care reform, especially abolition of the rural Cooperative Medical System has had a pronounced impact on rural residents in this region. The western region is vast, sparsely populated, less developed, and mountainous in many areas. Access to health care is more difficult than in the eastern and central regions because of the rugged physical conditions. 4 Since 1978 China has been experiencing the four transitions of decentralization, marketization, urbanization, and globalization (Wei 1999 (Wei , 2007 , which have reshaped the entire health care sector. Describing each in turn, one can say that, first, the central government has decentralized fiscal authority and devolved responsibility to local governments for economic and social development, including health care. As budgetary transfers from the central to the local level have decreased, poor provinces have had to cut spending on health care.
Second, since the health care reform of 1985, the health care sector has been shaped by market-economic forces (Wang et al., 2007) . Formerly, state-owned enterprises, government agencies, and institutions had their own clinics or hospitals providing medical services for employees. After the reform of state-owned enterprises, the government established a new insurance coverage system jointly funded by the government, employer, and employee, which covers some 50 percent of the urban population. In rural areas, the old Cooperative Medical System, which covered about 90 percent of the rural population became insolvent. Since 2003 the government has been active in establishing a new Cooperative Medical System and has increased financial support for it. However, limited government funding is only adequate to cover a small portion of rural residents' health care costs. Accordingly,the burden of health care has thus in many cases been shifted from the state to individuals. People living in poor regions not only receive a smaller degree of health-system coverage, but also are less likely to seek health care due to the high out-of-pocket costs .
Third, selective urbanization is yet another reason for both the health and economic inequality in China (Anson and Sun, 2004) . Due to labor shortages in the coastal region, the government has relaxed the household registration system (Huji Zhidu, or hukou) and encouraged rural residents to migrate from rural to urban areas and from the country's interior to its coastal region.
5 Typically younger and healthier cohorts are better positioned to 5 For background on the household registration system, see Chan (2009) . take advantage of these opportunities and migrate to urban areas, whereas older people opt to remain in the villages. Finally, globalization is the principal mechanism that drives China's regional inequality (Li and Wei, 2010) . With the weakening of the public-sector health system, economic development (and the availability of capital) has become a more important factor in shaping the pattern of health and health care. Consequently, given the bias of foreign investment toward coastal areas, globalization has the influence to raise regional economic inequality and concomitantly intensify inequality in health ).
China's administrative divisions and its policy-making apparatus as well have a hierarchical structure (Li and Wei, 2010) , with policies executed (typically top-down) at multiple government levels. Although the three regions (eastern/coastal, central, and western) are not official administrative divisions, some of the central government's policies and strategies nonetheless vary among them, reflecting their uniqueness. For example, the central government recently has pursued preferential policies in the western region under the ''Western Development Program'' (xibu da kaifa). From 1999 to 2009, 78.62 billion yuan (RMB) were invested in improving health care in the 12 western provinces, accounting for 43.3 percent of the nationwide health expenditure in those years (Zhang, 2009) . The temporal dimension is also crucial because policies involving the health care sector have changed over time (e.g., the economic reform in 1978, health care reform in 1985, the establishment of the urban health insurance system in 1998, and the new Cooperative Medical System in 2003). It is therefore necessary to analyze the spatial-temporal hierarchy of health care distribution as well as of the economic transition.
Based on the above analysis, we offer three hypotheses that are tested in the remainder of this paper: (1) that China's health care inequalities are sensitive to spatial scale; (2) that health care is a significant factor in explaining the unequal distribution of mortality in the country; and (3) that health care inequality is affected by the spatial-temporal hierarchy of economic transition.
To test these hypotheses, this paper investigates China's health care inequality within a multi-scalar, multi-mechanism, and multi-level framework. The spatial pattern of health care is examined at five different geographic scales: (1) inter-regional, between the three regions (discussed above); (2) inter-provincial, among all provinces; (3) intra-regional, among the provinces of each region; (4) inter-county, among all counties; and (5) inter-county within each region. The multi-mechanisms of economic transition, decentralization, marketization, and globalization have been widely used to explain China's regional economic inequality (e.g., Wei, 1999; He et al., 2007; Li and Wei, 2010) . This research adds urbanization to the triple transition framework to better explain the inequality in health care and mortality, because rapid urbanization has aggravated a series of social problems. The spatial-temporal hierarchy of health care and mortality is explored within a multi-level framework. The time dimension is selected as the first level, and regions and provinces are the second and third levels, respectively.
DATA AND METHODOLOGY

Data
Statistical information used in this study includes basic health and socioeconomic data (Table 1) as well as GIS shapefiles.
6 China Data Online (http://chinadataonline.org) provides province-level health and socioeconomic data from 1990 to 2008 and county-level health data from 1997 to 2008. In this paper we use the number of health institution (hospital) beds per 10,000 persons as a measure of the basic level of health care; these data are readily available for both provinces and counties. Similarly, we selected the widely used measure of mortality to reflect the level of health outcome (e.g., see Subramanian and Kawachi, 2007) . The 13 independent variables measuring economic development and transition (discussed further below) are: constant GDP per capita (GDPPC); local budget expenditure (FINEXP); per capita GDP generated by transportation, postal service, and telecommunication (TRAN); the share of state-owned enterprises in fixed-asset investment (SOE); higher educational institutions per 10,000 persons (EDU); foreign direct investment per capita (FDIPC); population density (POPDEN); percentage of migrants (MI) in overall population; coastal dummy (CD); western region dummy (WRD); innovation fund (INNO); per capita fixed asset investment (FAIPC); and population growth rate in the past year (POP).
Methods
This investigation of health care in China uses the coefficient of variation (hereafter CV), a popular measurement of inequality defined as the ratio of the standard deviation to the mean. 7 Because the CV reveals only the overall inequality, it has limitations when efforts are made to detect spatial agglomeration. Consequently, we utilized an additional measure, 7 For additional discussion of the various inequality measures, see Fan and Sun (2008, pp. 6-7, 19-20 (Anselin, 1995) . 8 However, even within the same dataset, different degrees of spatial autocorrelation may exist. Consequently, we have applied the Local Moran's I, one of the so-called Local Indicators of Spatial Association (LISA), to examine the association for each unit and identify the type of spatial correlation. Local Moran statistics can not only indicate local spatial clusters, but also diagnose outliers in global spatial patterns.
The relationships between health care inequality, mortality, and economic transition are examined through multilevel regression modeling, which makes it possible to recognize spatially and temporally hierarchical structures. Studies of health inequality generally use cross-sectional models, ignoring the impacts of time-dependent variables (Chou and Wang, 2009 ) and treating the units of analysis as independent observations. For example, ordinary least squares (OLS) and logistical regression are used widely (e.g., Kondo et al., 2008) , when the relationship under study is constant over space and time. Multilevel modeling identifies data hierarchies by computing residual components at each level. Our research utilizes the pooled cross-sectional and time-series data sorted at three levels, namely time (from 1996 to 2008), region (eastern, central, and western region), and province (31 province-level units). We also use a single-level (simple) regression to compare results with the three-level regression model. The equation for the multi-level hierarchical model is:
where y itj is the dependent variable in region j at year t; x itj is the independent variable in region j at year t; u t is the standard error at year t; r jt is the standard error of region j at year t; and e ijt is the standard error of i in region j at year t.
The following two regression models are specified: Model One examines how health outcomes have been affected by access to health care during the process of reform. The dependent variable is mortality, with independent variables comprising the number of hospital beds per 10,000 persons (health care) and the 13 independent variables indicating economic development and social transitions (Table 1) .
Model Two analyzes whether social transitions have changed the pattern of health care inequality in China. The number of hospital beds per 10,000 persons is the dependent variable. In compliance with the recent literature on China's regional development (Yu and Wei, 2003; Yu, 2006; Li and Wei, 2010) , this investigation relies on the following independent variables (Table 1) :
1. GDP per capita (GDPPC) in constant prices reflects economic development. We have converted per capita GDP data reported in current prices into 1978 constant prices based on the official GDP deflators. Here GDP includes the value of all gross domestic products.
2. Decentralization is indicated by per capita indices for local budget expenditure (FINEXP) and fixed asset investment (FAIPC). FINEXP and FAIPC show inputs from local governments and support from the central government (and other sources), respectively. Higher FINEXP and lower FAIPC reflect more decentralized power.
3. Marketization is proxied by the share of state-owned enterprises in a province's fixedasset investment (SOE) and institutions of higher education per 10,000 persons (EDU). A higher SOE represents a lower level of marketization.
4. Urbanization is represented by variables for population density (POPDEN) and percentage of migrants (MI) in the overall population.
5. Foreign direct investment per capita (FDIPC) represents the force of globalization. 6. Hybrid (multi-mechanism) indicators include the ones for the coastal dummy (CD), western region dummy (WRD), innovation fund (INNO), and per capita GDP generated by transportation, postal service, and telecommunications (TRAN). CD is a locational factor reflecting increased decision-making authority and special policies from which the coastal provinces have benefited during economic reform.
9 WRD is used to examine the influence of the country's new development strategies on health care distribution in western China.
10 Since 1999, the central government has increased investment and implemented new preferential policies in the western provinces. INNO and TRAN represent local creativity and the capacity for exchanging labor and materials, as well as information, respectively.
7. The population growth rate over the past year (POP) serves as a control variable.
RESULTS
Temporal and Spatial Inequality of Health Care
Market reforms and rapid economic development provide strong economic foundations for expanding China's health care system. The country's total expenditures on health care increased 50-fold from 1978 to 2002 (Cai, 2009) , with the number of doctors rising from 1.0 million in 1978 to 2.1 million in 2008 (All China Data Cener, n.d.), and health care facilities (e.g., hospital beds) also dramatically increasing. At the same time, the entire health care sector was administratively restructured in accord with the ongoing reforms.
As noted above, China began reorganizing its medical insurance systems in 1998, and since that time health expenditures incurred by the government have been gradually reduced. The part of health costs covered by the governments reached its lowest point (15 percent) in 2000, and that incurred by patients its peak (60 percent) in the following year (Xiong, 2008) . The state cost-cutting policies made people's access to health care more difficult, especially in rural areas. In order to assist rural residents in securing basic health care, the government introduced a new Cooperative Medical System in select rural localities in 2003, followed by its gradual expansion to cover the entire country. These policies have prompted a fundamental change in health care inequality patterns, as revealed by plots of the coefficient of variation (CV) for health care access (Figs. 2 and 3) . Interregional, interprovince, and intercounty inequalities all remained relatively flat during the 1990s, fluctuated from 2000 to 2003, and then declined for five consecutive years beginning in 2004 (Fig. 2) . If we shift our attention to within-region interprovince and intercounty changes in health care access (Fig. 3) , some contrasting trends emerge, with the former declining smoothly throughout the study period, while the latter tended to increase (sometimes sharply) after 2000. The eastern region reported the lowest inequality among counties but the highest among provinces, with the central and western regions exhibiting more complex patterns.
The analysis presented above indicates that China's health care inequality is sensitive to spatial scale: the finer the spatial scale, the larger the disparity. The CVs of interregional, interprovince, and intercounty inequalities range from 0.03 to 0.07, 0.22 to 0.36, and 0.61 to 0.72, respectively (Table 2) . With increasing investment in health care in the western region, China, 1990 China, -2008 the gap among the three regions has been narrowed at all regional, provincial, and county levels. However, it is still too early to reach conclusions about the effects of reforms on controlling health care inequality because of the increasing fine-scale disparities within the three regions. We can thus say that macro-level unevenness has declined at the expense of increasing inequality at the micro-level. The differing trend lines at these two levels reflect deepening rural-rural and more particularly rural-urban inequalities within provinces and regions. Medical services are highly agglomerated in urbanized areas, as only 20 percent of health care expenditures are made in rural areas, despite the fact that the latter are home to more than 70 percent of Chinese people (Evans and Xu, 2008; Chou and Wang, 2009) .
In order to further explore the complexities of China's health care inequality, the changing health care trajectories of individual provinces are presented and summarized in Figure  4 . Based on the research of Wei and Ma (1996) and Yu and Wei (2003) , we have classified China's provinces into the following six groups: (1) the four municipalities group (Beijing, Tianjin, Shanghai, and Chongqing); (2) the five coastal provinces group (Jiangsu, Zhejiang, Fujian, Shandong, and Guangdong); (3) the agricultural group (Anhui, Jiangxi, Henan, Hubei, Hunan, Hebei, and Hainan); (4) the industrial group (Liaoning, Jilin, Heilongjiang, Neimenggu, and Shanxi); (5) the northwestern provinces group (Ningxia, Gansu, Shaanxi, Xinjiang, and Qinghai); and (6) the southwestern provinces group (Sichuan, Guizhou, Yunnan, Xizang, and Guangxi). One of the six provinces represented in Figure 4 were selected from each of these groups: Beijing, Guangdong, Henan, Shanxi, Xinjiang, and Sichuan.
Beijing (of the four municipalities group), as well as two other coastal municipalities in the group (Shanghai and Tianjin) had the highest level of health care due to its advanced initial conditions and advantages such as the special policies initiated by the central government. However, the aforementioned provinces have all exhibited overall downward trends in health care access. Chongqing, as a newly upgraded municipality in the western region, lagged far behind, although its health care has been significantly improved due to preferential policies covering the western region and the municipalities as well. The coastal provinces (represented by Guangdong in Fig. 4 ) have benefited most from the economic reform (the top five most developed provinces are all located there). Unlike the spectacular economic growth of these provinces, their health care access has remained at a relatively low level, although it has steadily improved. Guangdong, which generated the highest average annual GDP of the provinces during the past 20 years, exhibited a health care level resembling that of the western province of Sichuan and the agricultural province of Henan (Fig. 4) . Decentralization and marketization of the health care sector has in some sense impeded the development of care in the agricultural group, where over 70 percent of residents live in rural areas. Their health care has declined in the early 2000s, before rising again in the most recent years in tandem with the government's expanded implementation of the new Cooperative Medical Systems. The health care level of the industrial group (represented by Shanxi) tends to occupy an intermediate position, lagging only behind the four municipalities and the northwestern provinces groups. These industrial provinces were favored by Mao's industrialization policies, which promoted the establishment of a series of large state-owned enterprises and auxiliary (supporting) public facilities (including clinics and hospitals). However, their health care levels gradually decreased as the central government switched its attention to the coastal provinces. The western region (comprising the northwestern and southwestern provinces, represented by Xinjiang and Sichuan provinces) has attracted more investment, largely as a result of the Western Development Program (xibu da kaifa). Health care levels in the west have been elevated rather rapidly, with the number of hospital beds per 10,000 persons increasing from 25.9 in 1990 to 31.4 in 2008. Analysis of individual provinces has shown that health care levels are not always consistent with economic development. The health care levels of the five prosperous coastal provinces were all below the national average between 1990 and 2000. In contrast, the five northwestern and five industrial provinces have better health care levels despite their economic difficulties. This inconsistency reflects an important phenomenon, namely that the health care and economic systems have performed differently, despite the fact that the former in China has always been an appendage of the latter. Before the reforms, the health care system had been improving dramatically in comparison with the people's poor living conditions and stagnant national economic development. However, since 1978 the health care reform has lagged behind economic reform. In recent years, health care has become one of the major issues that the Chinese government urgently needs to address.
And even though overall inequality has tended to decrease, health care trends have become more spatially uneven (Fig. 5 ). An increasing global Moran's I indicates that the spatial distribution of health care has become more uneven (spatial clustering of high and low values is becoming more prominent), running counter to the trend in CVs shown in Figure 2 . Moran's I shows a generally upward trend of spatial autocorrelation, interrupted by a sharp decline from 2001 to 2005. This more spatially sensitive indicator thus tends to demonstrate that spatial association/heterogeneity influences fairly heavily the regional inequality in health care.
Unlike the coastal-interior disparity in regional economic development, a north-south gap has dominated the spatial pattern of health care access in China (Fig. 6) . In 1990, the coastal municipalities and a few other provinces scattered across northern and central China had relatively high health care levels (Fig. 6C) . In 2008, the provinces that had greatly improved their health care tended to cluster in the coastal area around the municipalities, as well as in the northeastern and northwestern provinces. The four municipalities and industrial provinces have played a crucial role in shaping China's health care inequality, and their contributions to global spatial autocorrelation changed after the health care reform. With the rise of nearby coastal provinces, Shanghai's negative contribution to the global index disappeared. Tianjin became a major positive contributor, forming a high-high cluster near Bohai Bay with the industrial province of Liaoning. The influence of Jilin, another industrial province, declined. Chongqing, after being upgraded to a municipality, separated from the low-low cluster in southwestern China, while Guangdong, Hainan, and Jiangxi joined with Guizhou and Guangxi, expanding this cluster to the southeast. Earlier work on areal differences in health care access (e.g., Zhang and Kanbur, 2005) lacks the rigor afforded by this type of spatial analysis, and had thus been unable to reveal the full complexity of the inequality in health care. 
Economic Transition, Health Care, and Mortality
Scholars have argued that China's reforms, initiated in 1978 and gathering momentum into the present, have caused fundamental changes in health care with a major effect on public health (Zhao, 2006) . An improved quality of health care and living conditions have contributed to a dramatic decrease in mortality across the country (Fig. 7) .
12 Spatial disparities in mortality during the period of 1990-2008 have changed from a region-focused to a policyoriented pattern. In 1990, mortality could be described as exhibiting a "three-ladders" pattern, with low values in the eastern region, intermediate values in the central, and high in the west, in accord with the respective levels of economic development attained by these regions during the early post-reform period. (Fig. 8A) . In 2008, mortality in the western region declined significantly as a result of increased financial support for health care by the central government; consequently, the gap between it and the central and eastern regions has been markedly reduced (Fig. 8B) . Moreover, a new high-mortality cluster has emerged in the central region, which has been bypassed to some extent by national development strategies. Consequently, as a result of recent advances in health care reform, the pattern of mortality has become less consistent with that of regional economic development.
Models One and Two explain the relationship between mortality, health care, and economic transition in China. Considering the potential problem of multicollinearity, we have examined the variance inflation factors (VIFs) of the two models with SAS. According to one rule of thumb, multicollinearity exists if the largest VIF exceeds 10 (Chatterjee et al., 2000; Wen et al., 2003) . We have therefore dropped three variables with VIFs ≥ 10, namely GDPPC (VIF = 30.29), FAIPC (VIF = 10.10), and TRAN (VIF = 10.11). The number of independent variables has thus been reduced to 11 in Model One and to 10 in Model Two, with the VIF of none of the remaining variables exceeding 5 in either model. We have also employed the best-fit models for regression (with the significant variables identified in the full models) and run multilevel regression based on these best models. The results are summarized in Tables  3 and 4 . Because overestimating the statistical significance of regression coefficients can be avoided by multi-level modeling, the independent variables were analyzed on the basis of the coefficients and p values of the multi-level models.
The regression results reveal the following four findings: To begin with, the variation of health care provision during economic transition is a key factor in explaining the relationship between health inequality and economic inequality, especially their emerging inconsistency (i.e., the lack of a perfect match between economic development levels and health care outcomes). Model One (Table 3) demonstrates the association between health care and mortality (p < 0.01), indicating that, at a general level, better health care leads to better heath outcomes. Model Two (Table 4) , however, shows that China's economic transition plays a decisive role in shaping the pattern of health care inequality due to linkages between the health care and economic systems. The variables indicating decentralization, marketization, urbanization, and globalization collectively explain 48.9 percent of health care variation (R 2 = 0.489); R 2 slightly decreases to 0.482 in the best model. When these results are combined with those derived from spatial analysis of health care and mortality (Figs. 6 and 8 ), it appears that government intervention has weakened the linkage between the levels of health care and economic development in some provinces (e.g., helping less economically developed western provinces close the health care gap with the east), which has changed the pattern of inequality in mortality.
Second, the aforementioned "multi-mechanisms of transition" are clearly relevant to an analysis of health and health care inequality in China. Decentralization has been the most important structural change in the health care market following the economic reforms (Akin et al., 2005) . Adequate local budget expenditures (FINEXP) have brought high health care levels (p < 0.001) and low mortality (p < 0.01). Urbanization is a double-edged sword in terms of enhancing health (Kent and Haub, 2005) . On one hand, migrants from rural areas to urban have accelerated the development of the urban economy as well as of health care (MI, p < 0.001). On the other, urban health care has been overwhelmed by a rapidly growing urban population density (POPDEN, p < 0.001, Model Two), contributing to heightened mortality (POPDEN, p < 0.001, Model One). 13 Two other mechanisms, globalization and marketization, have had a relatively weak influence. The former is positively related to health care levels (FDIPC, p < 0.0001), but only because FDI largely determines and reflects local economic growth. The latter (SOE and EDU) is not significant to either mortality or health care levels. Globalization and marketization of the health care sector remain far behind many other sectors of the country's economy, and public health institutions still dominate.
14 The hybrid variable, innovation fund (INNO, p < 0.001), also is quite conducive to improvements in health care. The two dummy locational variables (CD and WRD) barely contribute in the two models (WRD to mortality, p < 0.001), illustrating the reduced regional gap in mortality and health care. The control variable, population growth rate (POPGR) is not significant in either model.
Third, the distribution of health care reflects the spatial-temporal hierarchy. ratio test (p < 0.0001), the explanatory power of the three-level model is greatly enhanced by the addition of the region and time levels. 15 This result indicates that the spatial-temporal hierarchy increases the reliability of the multi-mechanism framework for analysis of regional inequality in the economy (Li and Wei, 2010) and in such social sectors as health care. The existing literature rarely uses both the spatial and temporal dimensions to explore causation of health and health care inequality. Zhao (2006) conducted a cross-sectional study without analyzing the process, and therefore ignored the positive effect of socioeconomic transformations on reducing income and health inequalities. Chou and Wang (2009) introduced a temporal dimension to investigate the relationship between health care expenditure and income inequality, but neglected the spatial hierarchy of data and thus may have overlooked some features that shape the country's social and economic development. Fourth, the macro-level variables utilized in this study account for only part of the variation in mortality because micro-and individual-level elements also influence the state of public health and health outcomes. For example, 18 and 16 percent, respectively, of changes in mortality are explained by the 11 variables in the full model (R = 0.18) and the 4 variables in the best model (R = 0.16) ( Table 3) . We have attempted to add other macro-level variables to the model (such as urban unemployment rate, average wage, and ratio of household living expenditure to income), but the results have changed only slightly. Based on what we know from the literature, micro-and individual-level factors (including genetic, psychological, material, and environmental conditions) contribute substantially to mortality. Future research focusing on some of these factors would complement the present study.
CONCLUSIONS
This paper investigates from a geographic perspective the effects of China's four major economic transitions (decentralization, urbanization, globalization, and marketization) on the provision of health care and on mortality during the reform era, thereby expanding the literature on health inequality. It examines health care inequalities at multiple spatial scales, finding that such inequalities are sensitive to the spatial scale, and that the disparity is greater at finer scales. The highly unbalanced level of medical service among the country's counties reflects not only the urban-rural gaps within the same region but also the rural-rural differences among the regions. Interregional, interprovincial, intraregional, and intercounty inequalities all declined from 1990 to 2008; however, the spatial concentration of areas with relatively high and low provision of health care has increased, gradually forming a north-south segmentation. Provinces with better health care mainly consist of the coastal municipalities (i.e., the so-called "four municipalities group"), industrial provinces, and minority provinces in northwestern China.
Our research emphasizes the role of health care in explaining the association between mortality and economic inequality by use of a hierarchical regression approach. The findings here suggest that both mortality and regional health inequality decreased with increasingly better living conditions and health care redistribution during China's economic transition. We have also detected the different effects of "multi-mechanisms" on health and health care. Decentralization and urbanization are decisive mechanisms in reshaping spatial patterns of health and health care, with the flow of capital and labor guided by the central government determining both economic and social inequality. In this process, globalization and marketization have little influence because state-owned enterprises still dominate the country's health care sector after three decades of reform.
Lastly, our findings have theoretical and policy implications. The results demonstrate that the theoretical construct of "multi-scalar" and "multi-mechanisms" (or the four transitions of decentralization, urbanization, globalization, and marketization) can be used to verify the causal linkage between the provision of health care, health outcomes, and economic inequality. This constitutes an advance above the levels of earlier research (e.g., Li and Zhu, 2006; Pei and Rodriguez, 2009) , which had only examined the association between health and income inequality without regard for intermediate factors in that process. And, very briefly from a policy perspective, our research points to the fact that China's major post-reform development strategies have thus far mainly focused on the eastern and western regions, while to some extent ignoring the central provinces. The emergence of a cluster of elevated mortality in the central region (in relation to the eastern and western regions) represents a new issue that will in time likely command the attention of policymakers. In addition, the increasing inter-county inequality in health care within each region points to problems in the provision of health care at the micro-level that run counter to the trend of lessening disparity at the national level. Clearly, the provincial and municipal governments (in an environment of fiscal decentralization) need to intensify their efforts to balance investments in health care between rural and urban areas and among the counties.
